




































































































































































































































































































































































































































































































































































































































































































Appendix Table 11. Migratory bird species and numbers observed during aerial 
surveys of Jago lagoon along the Beaufort Sea coastline in 
the Arctic National Wildlife Refuge, Alaska, 1983 and 1984. 

Survey dates 
1983 1984 

SEecies 04 Aug 10 Aug 20 b&8 SeE 22 Jull 05 Aus 18 
Common Loon 
Yellow-billed Loon 1 
Arctic Loon 9 12 4 2 
Red-throated Loon 6 1 2 3 1 
Loon spp. 14 7 1 2 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 
Oldsquaw 5,757 2,342 551 767 1,892 4,544 2,730 
Common Eider 1 
King Eider 
Spectacled Eider 
Eider spp. 16 45 10 
White-winged Scoter 
Surf Scoter 158 8 7 85 145 
Black Scoter 1 70 46 21 20 
Scoter spp. 86 7 63 4 173 39 2 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 45 25 
Shorebird spp. 27 
Jaeger spp. 
Glaucous Gull 134 210 1 26 82 123 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Mew Gull 2 
Arctic Tern 7 60 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

334 



Appendix Table 12. Migratory bird species and numbers observed during aerial 
surveys of Jago lagoon along the Beaufort Sea coastline in 
the Arctic National Wildlife Refuge, Alaska, 1981 and 1982. 

Survez dates 
1981 1982 

22&23 3-4 24&26 25-26 7&13 22 
SJ2ecies Julz Aug Au~ Jul;! A!!fl Aug 

Common Loon 
Yellow-billed Loon 5 
Arctic Loon 2 
Red-throated Loon 2 2 2 
Loon spp. 1 5 7 2 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 3 
Scaup spp. 46 
Old squaw 3, 988 5,814 5,674 3,845 650 727 
Common Eider 
King Eider 5 1 1 
Spectacled Eider 
Eider spp. ll 
White-winged Seater 
Surf Seater 30 5 5 111 32 
Black Scoter 11 3 
Scoter spp. 16 6 
Red-breasted Merganser 1 
Duck spp. 2 6 
Sandhill Crane 
Plover spp. 
Phalarope app. 1 
Shorebird spp. 33 2 2 34 
Jaeger app. 1 
Glaucous Gull 68 36 304 170 126 251 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 1 
Black Guillemot 3 
Passerine spp. 
Unidentified spp. 
Seal 

335 



Appendix Table 13. Migratory bird species and numbers observed during aerial 
surveys of Tapkaurak lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1983 and 1984. 

Survel dates 
1983 1984 

s;eecies 04 Aug 10 Au~ 20 Aug 6&8 Se;e 22 Ju1l 05 Aus 18 Aus 
Common Loon 
Yellow-billed Loon 
Arctic Loon 2 8 6 1 
Red-throated Loon 1 2 
Loon spp. 3 3 1 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 20 
Scaup spp. 
Old squaw 884 2,102 647 78 1,620 1,491 2,070 
Common Eider 1 
King Eider 
Spectacled Eider 
Eider spp. 2 12 6 
White-winged Scoter 
Surf Scoter 1 1 
Black Scoter 3 14 12 
Scoter spp. 3 4 43 81 28 1 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 560 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 15 9 25 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

336 



Appendix Table 14. Migratory bird species and numbers observed during aerial 
surveys of Tapkaurak lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1981 and 1982. 

Survey dates 
1981 1982 

22&23 3-4 24&26 25-26 7&13 22 
Species July Aug Aug July Aug Aug 

Common Loon 
Yellow-billed Loon 1 
Arctic Loon 1 1 
Red-throated Loon 2 
Loon spp. 1 2 9 3 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 3 6 
Scaup spp. 
Oldsquaw 2,688 2,867 2,150 1,237 642 71 
Common Eider 
King Eider 1 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Scoter spp. 6 2 20 
Red-breasted Merganser 
Duck spp. 30 3 
Sandhill Crane 
Plover spp. 
Phalarope spp. 20 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 21 5 3 21 8 6 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 
Black Guillemot 
Tufted Puffin 
Passerine spp. 
Unidentified spp. 
Seal 

337 



Appendix Table 15. Migratory bird species and numbers observed during aerial 
surveys of Oruktalik lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1983 and 1984. 

Species 
Common Loon 
Yellow-billed Loon 
Arctic Loon 
Red-throated Loon 
Loon spp. 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 

04 Aug 

7 

Oldsquaw 1,524 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 1 
Black Scoter 
Scoter spp. 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 1 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sa bines Gull 
Arctic Tern 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

1983 
10 Aug 20 Aug 

2 

3 1 
1 

3,206 335 

10 

4 

338 

Survey dates 

6&8 Sep 

10 

84 

50 

6 

3 
78 
18 

1984 
22 July 05 Aug 18 Aug 

1 
2 7 

1,531 

5 

25 
32 

3 

6 

1 
1 1 

1,669 

7 

4 
1 

47 

3 

6 

1, 932 

3 

1 

5 



Appendix Table 16. Migratory bird species and numbers observed during aerial 
surveys of Oruktavik lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1981 and 1982. 

Species 
Common Loon 
Yellow-billed Loon 
Arctic Loon 
Red-throated Loon 
Loon spp. 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 
Oldsquaw 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Scoter spp. 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

22&23 
July 

1 
2 

3 

3 

1,997 

1 

1 

2 

21 

1 

1981 
3-4 
Aug 

1,698 

5 

11 

339 

Survey dates 

24&26 
Aug 

2 

38 

1 

25-26 
July 

1,657 

25 

22 

1982 
7&13 
Aug 

3 

1, 906 

49 

22 
Aug 

6 

508 

2 

29 



Appendix Table 17. Migratory bird species and numbers observed during aerial 
surveys of Angun and Pokok lagoons along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1984. 

Species 
S ecies 

Common Loon 
Yellow-billed Loon 
Arctic Loon 
Red-throated Loon 
Loon spp. 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 
Oldsquaw 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Scoter spp. 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

22 July 

1 

2 

319 

17 

1 

1 

13 

340 

Survey dates 
05 Aug 

8 
1 
1 

26 

1,464 

25 

26 

6 

18 Aug 

8 

3 

30 
1,909 

29 

1 
14 

18 



Appendix Table 18. Migratory bird species and numbers observed during aerial 
surveys of Nuvagapak lagoon along the Beaufort Sea 
Coastline in the Arctic National Wildlife Refuge, Alaska, 
1983 and 1984. 

Survel dates 
1983 1984 

SEecies 
Common Loon 

04 Au~ 10 Au~ 20 Aug b&8 SeE 22 July 05 Aug 18 Au~ 

Yellow-billed Loon 5 
Arctic Loon 5 4 2 1 5 
Red-throated Loon 1 1 8 1 4 3 
Loon spp. 2 4 1 1 1 4 
Red-necked Grebe 
Tundra Swan 5 2 15 2 
Brant 580 20 200 
Snowgoose 
Goose spp. 50 
Northern Pintail 25 
Scaup spp. 4 3 40 2 
Old squaw 5,689 4,572 1,076 222 732 2,996 2,417 
Common Eider l 10 
King Eider 
Spectacled Eider 
Eider spp. 10 24 28 81 
White-winged Seater 
Surf Seater l 2 
Black Seater 4 2 
Seater spp. I 11 2 8 66 34 
Red-breasted Merganser 13 6 2 l 2 
Duck spp. 
Sandhill Crane 
Plover spp. 5 
Phalarope spp. 
Shorebird spp. 3 3 
Jaeger spp. 
Glaucous Gull 19 58 69 9 41 4 19 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 5 3 174 
Black Guillemot 1 
Passerine spp. 
Unidentified spp. 
Seal 

341 



Appendix Table 19. Migratory bird species and numbers observed during aerial 
surveys of Nuvagapak lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1981 and 1982. 

Survey Dates 
1981 1982 

22&23 3-4 24&26 25-26 7&13 22 
Species July Aug Aug July Aug Aug 

Common Loon 
Yellow-billed Loon 1 1 1 
Arctic Loon 5 1 
Red-throated Loon 1 1 4 
Loon spp. 1 5 1 3 
Red-necked Grebe 
Tundra Swan 2 3 5 60 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 25 
Scaup spp. 
Oldsquaw 1,427 2,448 1,004 126 2,669 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 6 10 
White-winged Scoter 
Surf Scoter 
Black Scoter 4 
Scoter spp. 
Red-breasted Merganser 13 15 
Duck spp. 4 8 1 5 
Sandhill Crane 2 
Plover spp. 
Phalarope spp. 5 50 
Shorebird spp. 2 1 
Jaeger spp. 1 
Glaucous Gull 14 14 29 8 25 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sa bines Gull 
Arctic Tern 1 1 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

342 



Appendix Table 20. Migratory bird species and numbers observed during aerial 
surveys of Egaksrak lagoon along the Beaufort Sea coastline 
in the Arctic National Wildlife Refuge, Alaska, 1983 and 
1984. 

Survey dates 
1983 1984 

Species 04 Aug 10 Aug 20 Aug 6&8 Sep 22 July 05 Aug 18 Aug 
Common Loon 
Yellow-billed Loon 
Arctic Loon 1 
Red-throated Loon 3 
Loon spp. 5 
Red-necked Grebe 
Tundra Swan 14 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 
Oldsquaw 324 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Scoter spp. 1 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 16 
Jaeger spp. 
Glaucous Gull 71 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

9 
1 1 
2 

10 3 
1,265 

314 205 

45 25 

30 53 

343 

1 
1 

20 

6 98 

10 

6 

9 39 

174 

2 

1 

8 

6 

445 

26 

1 

47 

1 

1 
430 

520 

2 

32 



Appendix Table 21. Migratory bird species and numbers observed during aerial 
surveys of Egaksrak lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1981 and 1982. 

Survey dates 
1981 1982 

22&23 3-4 24&26 25-26 7&13 22 
Species July Aug Aug July Aug Aug 

Common Loon 
Yellow-billed Loon 
Arctic Loon 1 1 
Red-throated Loon 1 3 1 
Loon spp. 1 1 3 9 
Red-necked Grebe 
Tundra Swan 55 14 11 4 
Brant 3 350 708 505 
Snowgoose 
Goose spp. 
Northern Pintail 19 4 
Scaup spp. 1 10 
Old squaw 107 355 97 82 234 61 
Common Eider 10 4 
King Eider 10 
Spectacled Eider 
Eider app. 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Scoter spp. 
Red-breasted Merganser 3 
Duck spp. 18 
Sandhill Crane 
Plover spp. 
Phalarope spp. 55 12 
Shorebird spp. 321 2 210 
Jaeger spp. 
Glaucous Gull 8 10 12 14 12 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sa bines Gull 
Arctic Tern 2 1 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Snowy Owl 1 
Seal 

344 



Appendix Table 22. Migratory bird species and numbers observed during aerial 
surveys of Siku lagoon along the Beaufort Sea coastline in 
the Arctic National Wildlife Refuge, Alaska, 1984. 

Species 
Common Loon 
Yellow-billed Loon 
Arctic Loon 
Red-throated Loon 
Loon spp. 
Red-necked Grebe 
Tundra Swan 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 
Old squaw 
Common Eider 
King Eider 
Spectacled Eider 
Eider spp. 
White-winged Scoter 
Surf Scoter 
Black Scoter 
Scoter spp. 
Red-breasted Merganser 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 
Shorebird spp. 
Jaeger spp. 
Glaucous Gull 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sa hines Gull 
Mew Gull 
Arctic Tern 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

Survey dates 
22 July 05 Aug 

1 
2 
2 

41 58 

5 

ll 

7 

103 50 

1 

345 

18 Aug 

9 
2 
6 

3 
7 

22 

7 

5 

1 
2 



Appendix Table 23. Migrato~ bird species and numbers observed during aerial 
surveys of Demarcation Bay lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1983 and 1984. 

Survey dates 
1983 1984 

s;eecies 04 Aug 10 Aug 20 Au~ b&8 Se;e 22 Jull 05 Au1 18 Au~ 
Common Loon 2 
Yellow-billed Loon 
Arctic Loon 5 6 2 1 6 11 
Red-throated Loon 3 2 1 2 13 
Loon spp. 8 6 4 1 12 
Red-necked Grebe 
Tundra Swan 2 10 3 
Brant 350 35 
Snowgoose 52 
Goose spp. 
Northern Pintail 1 2 
Scaup spp. 5 
Old squaw 8,116 11,319 1,301 293 2,218 2,884 1, 916 
Common Eider 25 11 
King Eider 
Spectacled Eider 
Eider spp. 15 13 149 57 
White-winged Sooter 5 20 
Surf Sooter 61 60 63 74 46 6 34 
Black Sooter 1 1 20 49 124 
Sooter spp. 41 143 12 29 35 138 171 
Red-breasted Merganser 6 2 
Duck spp. 
Sandhill Crane 
Plover spp. 
Phalarope spp. 5 
Shorebird spp. 1 6 
Jaeger spp. 
Glaucous Gull 57 29 30 15 37 14 120 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sabines Gull 
Arctic Tern 108 
Black Guillemot 
Passerine spp. 1 
Unidentified spp. 
Seal 1 

346 



Appendix Table 24. Migratory bird species and numbers observed during aerial 
surveys of Demarcation Bay lagoon along the Beaufort Sea 
coastline in the Arctic National Wildlife Refuge, Alaska, 
1981 and 1982. 

Survey dates 
1981 1982 

22&23 3-4 24&26 25-26 7&13 22 
Species July Aug Aug July Aug Aug 

Common Loon 
Yellow-billed Loon 1 
Arctic Loon 3 1 3 
Red-throated Loon 3 1 1 5 
Loon spp. 1 2 4 3 
Red-necked Grebe 
Tundra Swan 2 
Brant 
Snowgoose 
Goose spp. 
Northern Pintail 
Scaup spp. 16 1 
Old squaw 2,678 1,557 1,611 617 229 919 
Common Eider 13 
King Eider 1 
Spectacled Eider 
Eider spp. 3 11 9 
White-winged Seater 
Surf Scoter 4 165 38 69 
Black Seater 15 
Seater spp. 137 29 1 30 24 
Red-breasted Merganser 5 8 
Duck spp. 5 4 
Sandhill Crane 
Plover spp. 
Phalarope spp. 35 7 
Shorebird spp. 5 
Jaeger spp. 
Glaucous Gull 8 5 11 7 155 40 
Herring-Thayer's Gull 
Black-legged Kittiwake 
Sa bines Gull 
Arctic Tern 1 
Black Guillemot 
Passerine spp. 
Unidentified spp. 
Seal 

347 



Appendix Table 25. Migratory bird species and numbers observed in 400 m 
offshore transect along the Beaufort Sea coastline in the 
Arctic National Wildlife Refuge, Alaska, 1983 and 1984. 

Surve;y: dates 
1983 1984 

SEecies 04 Aus 10 Aus 20 Aus b&8 SeE 22 Jul;y: 05 Ius 18 Aus 
Common Loon 1 
Yellow-billed Loon 2 1 1 1 1 
Arctic Loon 16 18 11 6 5 16 
Red-throated Loon 10 23 27 7 6 18 3 
Loon spp. 23 42 29 11 3 5 
Red-necked Grebe 
Tundra Swan 
Brant 95 35 
Snowgoose 30 
Goose spp. 2 1 
Northern Pintail 13 
Scaup spp. 
Oldsquaw 4,207 5,632 8,255 2,808 2,796 7,378 10,995 
Common Eider 47 19 1 52 
King Eider 52 
Spectacled Eider 
Eider spp. 74 38 129 168 378 157 
White-winged Scoter 
Surf Scoter 9 12 27 7 3 
Black Scoter 2 11 31 57 71 
Scoter spp. 126 15 226 48 213 22 57 
Red-breasted Merganser 2 
Duck spp. 8 1 
Sandhill Crane 
Plover spp. 
Phalarope spp. 2 82 16,425 11 
Shorebird spp. 6 
Jaeger spp. 1 
Glaucous Gull 147 36 158 488 21 40 70 
Herring-Thayer's Gull 
Black-legged Kittiwake 5 
Sa hines Gull 1 408 
Gull spp. 4 
Arctic Tern 1 4 26 961 ll 
Black Guillemot 17 2 3 
Passerine spp. 
Unidentified spp. 
Seal 2 
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Appendix Table 26. Migratory bird species and numbers observed in 400 m 
offshore transect along the Beaufort Sea coastline in the 
Arctic National Wildlife Refuge, Alaska, 1981 and 1982. 

Survey dates 
1981 1982 

22&23 3-4 24&26 25-26 7&13 22 
Species July Aug Aug July Aug Aug 

Common Loon 
Yellow-billed Loon 8 3 
Arctic Loon 14 2 6 3 14 
Red-throated Loon 4 20 2 4 14 
Loon spp. 2 23 3 8 14 
Red-necked Grebe 
Tundra Swan 
Brant 220 
Snowgoose 
Goose spp. 
Northern Pintail 12 
Scaup spp. 1 82 2 
Oldsquaw 1,696 2,868 824 1,339 1, 9ll 3,867 
Common Eider 4 3 2 1 
King Eider 8 
Spectacled Eider 1 
Eider spp. 122 51 12 20 17 26 
White-winged Scoter 20 
Surf Scoter 1 3ll 
Black Scoter 4 
Scoter spp. 27 4 14 
Red-breasted Merganser 1 
Duck spp. 3 84 5 46 
Sandhill Crane 2 
Plover spp. 
Phalarope spp. 29 7 
Shorebird spp. 28 46 91 24 7 
Jaeger spp. 1 
Glaucous Gull 52 194 ll5 43 57 54 
Herring-Thayer's Gull 
Black-legged Kittiwake 1 
Sabines Gull 1 
Arctic Tern 8 1 1 4 
Black Guillemot 5 9 4 
Passerine spp. 
Unidentified spp. 
Seal 
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ANWR Progress Report No. FY85-12 

Movements of molting oldsquaw within the Beaufort Sea coastal lagoons of the 
Arctic National Wildlife Refuge, Alaska, 1984. 

Alan W. Brackney, John M. Morton, John M. Noll, and Mark A. Masteller, U.S. 
Fish and Wildlife Service, Arctic National Wildlife Refuge, Fairbanks, Alaska. 

Abstract: Forty-four oldsquaw were ( Clangula hyemalis) captured during the 
period 7-11 August 1984 on Simpson Cove and Tapkaurak Lagoon along the 
coastline of the Arctic National Wildlife Refuge. Radio-transmitters were 
placed on 28 oldsquaw and 88 relocations were obtained from aircraft on 7 
occasions. A total of 21 (75%) of the 28 oldsquaw were confirmed mortalities 
prior to 1 October, 10 of which probably died prior to 12 August. Only 23 
relocations were considered usable. These yielded nine movements which 
averaged 0.69 + 1.29 km/day (mean+ SD.) with a range of 0.01 to 3.85 km/day. 
All movements-were local. Possible causes of the high mortality of the 
oldsquaw are discussed. Habitat selection was examined by comparing habitat 
availability and the habitat locations of the combined 1983 and 1984 data. 
Lagoon-survey data were also used to test for differences in habitat selection 
and availability. Oldsquaw habitat preferences showed significant (P 0.05) 
deviations from availability in the relocation data and in 8 of the 14 lagoons 
surveyed. The habitats which were avoided were restricted to open water in 
the lagoon and ocean. Selected aquatic habitats in order of preference were 
areas within 200 m of the lagoon side of barrier islands, the ocean side of 
the barrier islands, lagoon mainland shorelines, passes between barrier 
islands, and ocean mainland shorelines. Lagoon survey data showed a similar 
avoidance by oldsquaw of open water and a selection for the area within 200 m 
of the barrier island in the lagoon. 



ANWR Progress Report No. FY85-12 

Movement of molting oldsqua.w within the Beaufort Sea coastal lagoons of the 
Arctic National Wildlife Refuge, Alaska., 1984. 

Post-breeding oldsqua.w (Cla.ngula. hyema.lis) utilize the coastal lagoons of the 
Arctic National Wildlife Refuge (ANWR) in large numbers during July-September 
(Bartels and Zellhoefer 1983, Johnson 1983, Bartels et a.l 1984). Aerial 
surveys conducted annually since 1981 on ANWR have documented yearly highs 
between 18,000 and 33,000 molting oldsqua.w within the lagoons and the 
immediate offshore area (Bartels et a.l 1984, Brackney et a.l. 1985). Although 
these surveys have provided data. on gross fluctuations in numbers and lagoon 
use, specific information on oldsqua.w movements, habitat selection, and timing 
of the molt and mig~a.tion cannot be derived entirely from the surveys. 

Potential exploration for oil and gas both on the coastal plain and offshore 
may impact oldsqua.w directly through disturbance and pollution or indrectly 
through habitat modification or food chain perturbation. Knowledge of 
movements, residence time, and ha.bi tat preferences is needed to predict the 
potential effects of primary and secondary activities associated with 
petroleum exploration upon post-breeding oldsqua.w. 

Methods and Materials 

Equipment and capture methods were described by Bartels et a.l. ( 1984). Two 
capture sites were established in 1984, one on the 1983 capture area on 
Ta.pka.ura.k lagoon, 24 km east of Barter Island, and a second along the barrier 
islands at Simpson Cove, 51 km west of Barter Island. Camps were set up at 
each site and capture efforts were conducted simultaneously from 7 to 11 
August·1984. 

The trap design, similar to Bartels et a1.(1984), consisted of three sections 
of 10 em mesh mist net, each being 3 m wide by 18 m long. The ends of each 
net were attached to 3. 6 m conduit poles pushed into the lagoon substrate. 
Each net was totally submerged except for a 30 em portion, which was left 
above the water line to prevent oldsqua.w from swimming over the net. The nets 
were set perpendicular to the barrier islands or gravel spits within the 
lagoon and rafts of 50-300 oldsquaw were herded into the net by two boats. 
Once the ducks reached the vicinity of the net they were rushed to cause some 
individuals to become entangled in the net. 

Once captured, oldsqua.w were placed in a capture box until all birds were 
removed from the net. Each captured bird was weighed to the nearest 10 g, and 
the length of the let, 5th, and lOth primary feathers were measured. The 
birds were then banded with a U.S. Fish and Wildlife Service band and selected 
birds were fitted with back-mounted ra.dio-tra.nsmi tters enclosed in a. sealed 
cylinder. The unit weighed 28 g and was attached to the bird with a. harness 
made of two elastic bands, 0.64 em wide and 10 em long, sewn into a circle. 
The harness fitted around each ulna-radius of the oldsqua.w and held the radio 
on the back of the birds between the wings with a. band around each wing. This 
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configuration was fitted to a dead speciment and was subsequently lengthened 
by ~ em from that used in 1983 because the shorter loops appeared to pin hack 
the wings of the bird. 

Relocation flights were begun on 12 August and continued every two to three 
days when the weather permitted. Due to heavy fog during much of late August 
and early September only seven relocation flights were conducted before they 
were discontinued on 13 September. Relocation flights were not h~gun 

immediately or conducted on a daily basis due to weather and manpower 
constraints. In addition, a float plane was not available at the time the 
relocation flights were begun. Flights were ~iscontinued when no live 
individuals could he located. 

Statistical procedures follow those described by Sokal and Rohlf (1980), 
Habitat selection was examined through the use of a Logarithmic 
Goodness-of-fit G Test and through Bonferoni confidence intervals on the 
proportions of the observed data. This procedure was recommended for 
utilization-availability data by Neu et al.(1974). Johnson (1980) and Byers et 
al.(l984), 

Results and Discussion 

Forty-four live old squaw were captured during the period 7-11 August, and 28 
were fitted with radio-transmitters (See Appendix). The body weights of 37 
captured adults averaged 782.3g (+ 59,3SD). Juvenile mean weights were 715g 
(+ 91, 7SD N = 5). Eighteen old squaw drowned in the nets during capture 
operations due to two problems. When a large number of ducks were caught at 
one time some individuals did not float to the surface. On separate occasions 
3,8, and 5 oldsquaws drowned when totals of 10, 21, and 23, respectively, were 
caught. Debris and fish accumulated in the nets when they were 1 eft in the 
water too long, which tended to prevent some old squaw from float! ng to the 
surface, Although the nets were pulled to the surface as quickly as possible 
when a large number of individuals were captured, the crews were unable to 
bring the nets to the surface in time to prevent some hi rds from drowning. 
Additional boats with two crew members each, coupled with care to avoid 
capturing more than 8-10 old squaw at one time, should reduce the number of 
oldsquaw which drown during capture operations. 

A total of 88 relocations were recorded during the study period (Table 1). 
However, after the third relocation flight on 2R August it was apparent that a 
significant amount of mortality had occurred in the old squaw fitted with 
transmitters. Between 30 August and 12 September, 10 transmitters were 
recovered. Three other hi rds were confirmed dead hy ground tracking hut the 
radios could not be recovered, A fourth oldsquaw was confirmed as a mortality 
due to the consf stency of the location on a mudflat of the Hula hula River 
Delta. Relocation flights on 13 September and in mid-Octoher, after freeze-up 
of the lagoons, revealed the location and mortality of seven additional 
oldsquaw. A total of 21 of the 28 oldsquaw (75~) were confirmed mortalities, 
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10 died prior to 12 August, 3 prior to 15 August, 5 prior to 28 August, and 2 
prior to 30 August. One of the oldsquaw died between 30 August and 
mid-October. Of the remaining birds, contact was lost on two oldsquaw after 
12 August, on three after 15 August, and on one after 30 August. One 
individual was not relocated after release. 

Table 1. Status of 28 oldsquaw fitted with radio-transmitters on the Arctic 
Wildlife Refuge 1984. 

Radio No. No. relocations No. usable Final status 
relocation~:~ 

1056 4 2 Dead prior 28 Aug. 
1057 5 0 Dead prior 12 Aug. 
1063 4 0 Dead prior 30 Aug. 
1066 2 0 Dead prior 28 Aug. 
1068 5 0 Dead prior 28 Aug. 
1071 4 2 Dead prior 28 Aug. 
1806 2 2 Lost contact after 15 Aug. 
1807 2 1 Dead prior 30 Aug. 
1808 4 2 Dead prior 28 Aug. 
1809 3 3 Dead after 30 Aug. 
1810 3 1 Dead prior 15 Aug. 
1811 3 0 Dead prior 12 Aug. 
1812 3 3 Lost contact after 30 Aug. 
1813 4 0 Dead prior 12 Aug. 
1814 3 0 Dead prior 12 Aug. 
1815 2 0 Dead prior 15 Aug. 
1816 2 2 Lost contact after 15 Aug. 
1817 1 1 Lost contact after 12 Aug. 
1818 1 1 Lost contact after 12 Aug. 
1819 0 0 Lost contact after release 
1820 3 0 Dead prior 12 Aug. 
1821 5 1 Dead prior 15 Aug. 
1822 4 0 Dead prior 12 Aug. 
1823 3 3 Dead prior 12 Aug. 
1824 2 2 Lost contact after 15 Aug. 
1825 5 0 Dead prior 12 Aug. 
1826 4 0 Dead prior 12 Aug. 
1827 5 0 Dead prior 12 Aug. 

Total 88 23 

The cause of the sudden and nearly complete mortality of the radio-fitted 
oldsquaw could not be determined. The lengthening the harness and loosening 
the backpack on the back may cause an increase in abrasion by the harness or 
radio, however, DWYer (1972) recommended against tightening a harness to a 
tight fit. Slippage of the harness down the wing and over the phalanges is 
assumed to be the more serious problem associated with a loose harness. The 
infrequency of radiotracking prevented immediate conformation of mortalities 
and quick recoveries of the carcasses for examination. All but one of the 
individuals which were recovered consisted only of bone and some feathers. 
One recovered carcass was buried whole by a predator and on this bird the 
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harness was fitted properly with no sign of abrasion or feather 
wear. There was no evidence of slippage of the harness over the phalanges on 
the carcasses recovered with an intact harness. 

Past studies have shown that a critical adjustment period of several hours to 
several weeks is necessary for birds· to adapt to the back-fitted transmitter 
(Boag 1972, Greenwood and Seargeant 1973, Gilmer et al. 1974, Wooley and Owen 
1978). During this adjustment period, the radio-fitted oldsquaw may have been 
more vulnerable to predation and additionally stressed by their molt 
condition. Several days of high winds occurred immediately after their 
capture and release which may have also caused additional stress. Although 
the high mortality in 1984 (75%) appears to be a turnaround from the 1983 
data, the 1983 mortality was high (44%) for a telemetry study. Movements by 
the radio-fitted oldsquaw in 1983 appeared to be normal. However, none of the 
surviving birds left the ANWR coastline until after 21 September (Bartels et 
al. 1984). A survey on 6-8 September 1983 showed that 84% of the total 
oldsquaw in the lagoons had departed the refuge (Bartels et al 1984). 
Although only two of the 1983 radio fitted oldsquaw died prior to 1 September, 
seven of the nine live birds stayed on the refuge coastline past 28 September. 
The 1983 radio-fitted old squaw may have been previously inclined to stay in 
the area, although the possibility also remains that the birds were unable to 
adjust to the back-mounted transmitters and harness sufficiently to begin 
migration sooner. 

Problems associated with radio transmitters fitted by harness onto waterfowl 
have been documented in a number of telemetry studies. Known effects include 
abnormal behavior, aversion to water, disruption of feather insulation, skin 
and feather abrasion, weight loss, increased metabolism, increased preening 
activity, decreased feeding activity, and mortality (Greenwood and Seargeant 
1973, Gilmer et al. 1974, Wooley and Owen 1978, Perry 1981). These problems 
are particularly acute in diving ducks. Perry (1981) experienced severe 
behavioral problems and mortality with back-fitted radios on canvasbacks 
(Aythya valisineria), and Woakes and Butler ( 1975) observed that back-fitted 
transmitters interfered with the normal diving behavior in pochards (A. 
ferina) and tufted ducks (A. fuligula). Korschgen et al.(l984) concluded that 
the problems caused by -eiternal mounts on diving ducks outweighed the 
usefulness of the technique. They recommended implantation of the transmitter 
into the body cavity as a solution. Although radio packages fitted by harness 
have been successfully used on dabbling ducks (Gilmer et al 1975, Ball et al 
1975, Hum berg et al 1978), the technique has apparently not been applied 
successfully to diving ducks. Researchers in southeast Alaska have glued 
radio-transmitters to the backs of marbeled murrlets (Brach ram hus 
marmoratus), a diving sea bird, without noticeable detrimental effects S. 
Quinlan pers. comm.). 

Movements 

Problems encountered with weather and the mortality suffered by the 
transmitter-fitted old squaw severely limited the quantity of data collected. 
Only 23 relocations of the original 88 were judged to be usable. These 
yielded 9 movements which averaged 0.69 km/day + 1.29SD. The movements ranged 
from 0.01 to 3.85 km/day. Thus, all movements were local and within or 
adjacent to the lagoon in which the birds were captured. 

3 55 



Habitat Selection 

In order to examine habitat selection, the area utilized by the radio-fitted 
oldsquaw in 1983 and 1984 was subdivided into seven aquatic habitats. A pass 
was defined as a 200 m wide area consisting of a break or opening in the 
barrier islands between the lagoons and the ocean. Other habitats included 
areas within 200m of the lagoon side of barrier islands, the oceanside of the 
barrier islands, lagoon mainland shorelines, ocean mainland shorelines and 
open water areas not included in other categories. The proportions of each 
habitat type were calculated from linear measurements of 1:63,360 scale U.S. 
Geological survey topographies maps. 

The oldsquaw relocations were compared to expected proportions with a 
Goodness-of-Fit G test (Sokal and Rohlf 1981) and the null hypothesis that 
oldsquaw selected habitats in proportion to their availability was rejected 
(G=ll43.9_, P<0.005). The large area in the open ocean used by the oldsquaw 
(1763 km~, 80.'7%)and the small proportion of relocations (13.8%) showed a 
definite avoidance of open ocean which contributed a large score to the 
Goodness-of-Pit G test. Therefore, a second test with Bonferoni confidence 
internals was run with open water locations in the Beaufort sea excluded. 
This test also showed a significant (G=403.6 P<0.005) deviation from expected 
habitat use. The distance of the expected proportion from the upper or lower 
bound of the Bonferoni confidence interval gave a measure of the degree of 
avoidance or selection (Table 2). Radio-fitted oldsquaw avoided open water in 
the lagoons to a high degree and selected habitats in the following order of 
preference: lagoon barrier island, ocean barrier island, lagoon mainland 
shoreline, pass, and ocean mainland shoreline. 

Table 2. Proportions of observed and expected radio-relocations and Bonferoni 
confidence intervals of observed radio-relocations of oldsquaw in 
selected habitats along the Arctic National Wildlife Refuge 
Coastline, Alaska, 1983-1984. 

Closest 
Confidence interval bound 

Habitat Observed a Expected interval bounds minus expected 
Lagoons 

-0.492b 
+0.112 
+0.032 

Open Water 0.157 
Barrier Islandc 0.248 
Shorelinec 0.234 

0.707 
0.067 
0.134 

0.098 - 0.215 
0.179 - 0.317 
0.166 - 0.301 

Passd 0.070 0.008 o. 287 - O.llO +0.021 

Ocean 

a 
b 

c 

d 

Barrier Islandc 0.226 0.067 0.159- 0.293 +0.092 
ShorelineC 0.066 0.016 0.026 - 0.105 +0.010 

N = 274 -r-e~l-o_c_a~t1~.o-n-s--~----------~~----------------~~~------~------

Positive numbers refer to selection and negative numbers refer to 
avoidance. 
Categories refer to the waters surface within 200 m of the barrier island 
or mainland shoreline. 
Pass refers to an area 200 m wide area located in breaks between the 
barrier islands. 
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A second measure of hah:f tat selection was obtained through the calculation of 
Goodness-of-Fit G tests and Bonferoni confidence intervals on the cumulative 
number of oldsquaw, per lagoon, counted during the 1984 lagoon surveys 
(Brackney et al. 1985). The 200 m transects were classified by bald tat as 
barrier island, open water, or mainland shoreline with the transect 
immediately adjacent to the inside of the barrier island or shoreline given 
that classification. The G Tests (Table 3) resulted in a significant 
difference (P < 0.01) between the expected and observed proportions in nine of 
the 14 lagoons surveyed in 1984. Of those nine lagoons, oldsquaw showed an 
avoidance of open water :fn all nine and a selection of the :Inside of the 
harrier island area in seven of the lagoons. Preferences hy oldsquaw for the 
mainland shoreline were mixed with selection shown in 5 lagoons and avoidance 
shown in 2 lagoons. Thus, overall habitat selection by oldsquaw was similar 
in the lagoon survey data and the radio-telemetry data. 

Table 3. The results of Goodness-of-Fit G tests of wHhi n lagoon survey data 
expected frequencies of oldsquaw in particular hahitat types, and the 
distances of the expected proportions from the upper or lower end of 
the Bonferoni confidence intervals. 

Lagoon Barrier Open Mainland G Value 
island water shoreline p 

Brownlow +0.163a -0.114 0 12.77 0.002 
Tamayariak -0.15 +0.033 28.64 <0.001 
Simpson Cove +0.038 -0.173 +0.033 65.14 <0.001 
Sadlerochit 2.08 0.370 
Arey +0.226 -0.155 -0.071 32.q5 <0.001 
Kaktovik 3.07 0.220 
Jago 4.06 0.140 
Tapkaurak 0 -0.133 +0.042 49.48 <0.001 
Oruktalik +0.060 -0.007 -0.055 20.72 <0.001 
Angun/Pokok +0.189 -0.216 0 38.82 <0.001. 
Nuvagapak 5.16 0.070 
Egaksrak +0.167 -0.117 +0.023 17.85 <0.001 
Siku 5.72 0.060 
Demarcation +0.174 -0.136 -0.023 6(,.40 <0.001 
a Negative numbers indicate avoidance: the difference between the upper end 

of the Bonferoni interval and the expected proportion. Positive numbers 
indicate selection; the difference between the lower end of the Bonferoni 
interval and the expected proportion. 

Oldsquaw habitat use, as shown hy this analysis, is contradictory to studies 
on food availability which demonstrated higher abundance of favored prey items 
for oldsquaw in the middle, open water portion of the lagoons (Griffiths and 
Dillinger 1981, Spindler and Meehan 1985). The effects of weather, wind, and 
wave a~tion were not considered in this analys:fs. Shelter from wave action 
may be as important as food availability (Spindler and Meehan 1985). On a 
number of occasions old squaw have been observed to disperse widely over the 
surface of lagoons during periods of calm. Additional information on hah:ftat 
selection and associated behavior under varying weather conditions is needed 
to better def1 ne habitat needs of post-hreedi ng old squaw. 
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Appendix Table 1. Age, sex, weight and primary feather length on 61 oldsquaw 
captured on Simpson Cove and Tapkaurak lagoons, Arctic 
National Wildlife Refuge, 1984. 

Feather length (em) Capture Radio No. 
Bird No. Age Sex Weight(g) lst 5th lOth Date Location or status 

1 A a Mb 815 8.4 11.2 12.5 10 Aug sc 1056 
2 A F 690 8.5 11.0 13.0 10 Aug T 1068 
3 A M 830 7.6 9.1 7.9 7 Aug s 1063 
4 SA M 670 8.0 10.5 10.5 10 Aug s 1066 
5 SA M 830 8.0 10.0 9.0 7 Aug T 1068 
6 A M 765 8.1 9.1 8.9 7 Aug s 1071 
7 J M 685 NA NA 3.0 10 Aug s 1806 
8 SA M 775 6.1 7.7 7.3 7 Aug T 1807 
9 A M 800 8.0 11.0 11.0 10 Aug s 1808 

10 A M 870 4.5 5.8 5.1 7 Aug T 1809 
11 A M 835 7.4 8.6 8.6 10 Aug s 1810 
12 SA M 810 6.8 8.5 7.6 7 Aug T 1811 
13 SA M 715 8.9 10.1 10.5 8 Aug s 1812 
14 A M 700 9.0 11.0 11.5 7 Aug T 1813 
15 A M 855 6.0 6.8 6.2 8 Aug s 1814 
16 A M NA 2.5 3.4 3.0 7 Aug T 1815 
17 SA M 880 8.0 11.0 11.3 10 Aug s HH6 
18 A M 765 8.5 10.2 9.5 7 Aug T 1817 
19 A M 755 8.0 9.5 8.5 7 Aug s 1818 
20 SA M 790 6.3 7.7 7.0 7 Aug T 1819 
21 A M 810 9.0 11.0 11.5 8 Aug s 1820 
22 A M NA 3.9 4.7 5.0 10 Aug T 1821 
23 SA M 700 8.5 12.0 11.0 7 Aug s 1822 
24 SA F 840 NA NA NA 10 Aug T 1823 
25 A M 735 8.5 11.5 11.7 7 Aug s 1824 
26 A M 845 4.4 4.8 4.8 10 Aug T 1825 
27 SA M 705 8.4 11.3 11.4 7 Aug s 1826 
28 A M 860 4.0 5.0 5.4 10 Aug T 1827 
29 J M 700 <5 <5 <5 10 Aug s Banded 
30 J F 765 <5 <5 <5 10 Aug s Banded 
31 J M 590 NA NA NA 10 Aug s Banded 
32 J M 835 NA NA NA 10 Aug s Banded 
33 SA M 795 5.5 6.9 7.0 10 Aug s Banded 
34 A M 785 8.1 10.2 11.6 10 Aug s Banded 
35 A M 755 8.0 10.1 9.0 ~0 Aug s Banded 
36 A M 725 7.2 8.7 9.5 10 Aug s Banded 
37 A M 780 6.8 8.4 8.1 10 Aug s Banded 
38 A M 815 8.0 10.5 11.0 10 Aug s Banded 
39 A M 745 8.2 10.3 9.6 10 Aug s Banded 
40 A M 745 8.3 10.3 10.5 10 Aug s Banded 
41 A M 720 8.0 9.1 g.8 10 Aug s Banded 
42 A M 915 6.0 5.2 4.3 10 Aug s Banded 
43 A M 785 b.9 8.8 7.7 10 Aug s Banded 
44 A M 735 7.1 8.8 8.0 10 Aug s Banded 
45 NA NA NA NA NA NA 7 Aug T Drown 
46 NA NA NA NA NA NA 7 Aug T Drown 
47 NA NA NA NA NA NA 7 Aug T Drown 
48 NA NA NA NA NA NA 7 Aug T Drown 
49 NA NA NA NA NA NA 7 Aug T Drown 
50 NA NA NA NA NA NA 7 Aug T Drown 
51 NA NA NA NA NA NA 7 Aug T Drown 
52 A M NA NA NA NA 8 Aug s Drown 
53 A M NA NA NA NA 8 Aug s Drown 
54 A M NA NA NA NA 10 Aug s Drown 
55 A M NA NA NA NA 10 Aug s Drown 
56 A M NA NA NA NA 10 Aug s Drown 
57 A M NA NA NA NA 10 Aug s Drown 
58 A M NA NA NA NA 10 Aug s Drown 
59 A F' NA NA NA NA 10 Aug s Drown 
60 J NA NA NA NA 10 Aug s Drown 
61 J M NA NA NA NA 10 Aug s Drown 

a A Adult, SA = Subadult, J = Juvenile 
bM = Male, F = Female 
cs = Simpson Cove, T = Tapakaurak lagoon 

361 


